The key issue in ecological compensation of inter-basin water diversion projects is quantifying the compensation standard scientifically and reasonably in order to truly reflect the cost and benefit of related ecosystem services as well as to meet the needs of various stakeholders, by which the harmony of environmental and economic interests can be achieved. Based on the theory of valuable ecosystem services and the actual case of the Eastern Route of China's South-to-North Water Diversion Project (S-NWDP), this paper proposes a model to quantify the ecological compensation of inter-basin water diversion project. By using the Equivalent-factor (E-F) method the value of ecosystem services can be determined, and then the compensation standard is clear by comparing the growth of regional ecosystem service value with that of regional GDP of Yangzhou, Huai'an, Suqian and Xuzhou city in Jiangsu Province.
INTRODUCTION
As social economy develops rapidly, humans have taken various engineering measures and non-engineering measures to tackle the problems of water shortage and uneven distribution of water resources, among which building water diversion project is an effective way. However, water diversion project might change regional hydrological conditions, break the original ecological balance, and have certain negative impacts on regional environment and economy. Therefore, it has become a major issue in the building and operation of water diversion project to prevent it from being a detriment to the environment and quantify ecological compensation standard accurately in order to achieve sustainable development of ecological environment and water diversion.
The key as well as the difficulty in building the ecological compensation system lies in the quantification of ecological compensation standard and many researchers have done studies in this field. Methods of quantitative economics are mainly used in foreign countries outside China to study the willingness of the stakeholders in related projects to offer and to accept a particular compensation scheme. For instance, Pattanayak (2004) used market valuation method to analyze the downstream economic benefits of watershed protection services provided by the upstream area. Roach et al. (2006) used Habitat Equivalency Analysis (HEA) to scale compensation for natural resource damages. The PES (Payment for Ecosystem Services) projects in foreign countries outside China generally have a solid theoretical and legal foundation and are advanced experience worthy of learning. In recent years, many Chinese researchers have joined in the study of the quantification of ecological compensation and methods based on market theory are the focus of the current and also the future researches. Mao and Wang (2008) obtained the compensation standard for the water source area in the Central Route of China's S-NWDP by using opportunity-cost method, contingent valuation method and cost analysis respectively. Li et al. (2014) , built an integrated model for the estimate of ecological compensation standard through the calculation of the value of the ecosystem services in the studied counties. The value of the service function of ecological system is a monetary representation of that of ecological resources and it's critical to accurately calculate the value of ecosystem services in quantifying ecological compensation standard. This paper uses the E-F method to calculate the value of ecosystem services, based on which compensation standard is then obtained, and then applying it to the case study of the Eastern Route of China's South-to-North Water Diversion Project in Jiangsu province.
METHOD FOR ECOLOGICAL COMPENSATION STANDARD BY VES

Equivalent-Factor (E-F) Method of VES
Many methods have been proposed to quantify ecological compensation, all of which should be used under specific conditions. From the point of view of economics, ecological compensation can be seen as a kind of investment while ecosystem services are the product of this input. Charging the beneficiaries of ecosystem services in the cause of compensating service providers helps realize the internalization of the externality of the service function of ecosystem and encourages people to keep ecological resources in good condition. The value of ecological resources can be estimated through the VES, which lays the foundation for quantifying ecological compensation. In inter-basin water diversion project, the subject and the object of ecological compensation are respectively the beneficiary (water-receiving area) and the provider (water source area) of ecosystem services, the value of which is the basis of compensation scheme.
The main method of VES is the E-F value, which employs the coefficients proposed by Costanza et al. (1997) and Equivalent-factors of various ecosystem services to do the calculation. Costanza et al. grouped ecosystem services into 17 major categories, including gas regulation, climate regulation, disturbance regulation, water regulation, water supply, etc., based on which they outlined the principles of the valuation method of ecosystem services. On the basis of the research of Costanza et al., Xie (2003) et al. proposed a table (Table 1 ) of equivalent factors of China's terrestrial ecosystem services. In the table 1, the economic value of the food produced in 1 hm 2 of average cropland annually is defined as 1 unit of equivalent factor. This paper uses the E-F method to measure the value of ecosystem services and then determines the ecological compensation standard of the Eastern Route of China's South-to-North Water Diversion Project.
Calculation of E-F Value
Given the records of food production, food prices, and cropland area of the studied region, the economic value of a unit of equivalent factor is determined as follows:
Where, E j (yuan/hm 2 ) is the amount of 1 unit of equivalent factor in the j th year, n denotes that there are n kinds of crops, W i,j (kg) is the production of the crop i in the j th year, P i,j (yuan/kg) is the price of the crop i in the j th year, M j (hm 2 ) is the total cropland area in the j th year, and 1/7 is the ratio of the value of natural ecosystem services without human investment to that of actual ecosystem services.
Calculation of the VES
With Ej obtained through Equation (1) and the equivalent-factors in Table 1 , the value of various ecosystem services through the studied period in the studied region can be determined.
Model for Determining Compensation Standard
In order to determine the compensation standard of a particular area, the difference between the annual growth of its per capita GDP and that of its per capita VES should be first obtained. The compensation standard is determined as follows:
Where, P (i, j+1) is the compensation standard for area i in the (j+1) th year, E i, j is the value of ecosystem services in area i in the j th year, G i, j is the GDP of area i in the j th year, and H i, j is the population of area i in the j th year. The core idea of Equation (2) is that: if the per capita GDP of an area grows faster than its per capita value of ecosystem services, it can be concluded that the ecological environment of that area fails to fully meet the needs of economic development and water diversion, and thus the area should be compensated and the compensation standard is the product of the growth difference and the annual increase of the value of ecosystem services of the area; otherwise, there is no need to introduce compensation scheme.
CASE STUDY
The Eastern Route of China's South-to-North Water Diversion Project is built on the pre-existed water diversion project in Jiangsu Province which draws water from the Yangtze River to its northern plains. Through the Grand Canal and its parallel channel, the Eastern Route Project manages to transfer water from the lower reaches of the Yangtze River in Jiangdu to north China. Due to the topography of the Yangtze Plain and the North China Plain, 13 pumping stations are constructed to raise water from the Yangtze to the Yellow River crossing; farther north, the water will be flowing downhill in an aqueduct. From the Dongping Lake the water diversion line runs separately, with one going north to Tianjin and the other going east to Yantai and Weihai. Four major cities in Jiangsu province along the water diversion line, Yangzhou, Huai'an, Suqian and Xuzhou, are selected as studied areas, for which the ecological compensation standards from 2005 to 2014 are determined.
Major crops in the four studied cities include wheat, corn, rice and soybean. Given the records of cropland area, crop production and crop price from the statistical yearbooks of the four cities during the decade (2005-2014), the value of 1 unit of equivalent factor of each city in each year is obtained as follows (Table 2) . To facilitate the calculation to obtain the result in Table 2 , garden plot is included in the category of "grass" and the category of "others" includes land used for urban and rural construction projects, urban industrial land, rural settlement area, land for traffic facilities, natural reserved area and barren land. By combining Table 1 and Table 2 , the value per unit area of the various ecosystems in the four cities during the decade (2005-2014) can be obtained.
Calculation of the VES
Given the records of area of the various ecosystems in the four cities from the websites of their bureaus of land and resources, and then the result of the VES of the four cities during the decade (2005-2014) is determined, shown in Fig.1 .
It can be seen from Fig.1 that the VES of the four cities along the Eastern Route of China's South-to-North Water Diversion Project was on the rise during the decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , and the reasons are in two regards. On one hand, the government of Jiangsu province proposed the 12th five-year plan for environment protection and ecological development, according to which many measures were taken to tackle the problems of air pollution, household waste and industrial pollution, and more investment was put into water conservation. Together with the development of urban shelter forest and urban forestry and fruit base, these efforts achieved good results. On the other hand, the major water source area of the Eastern Route S-NWDP, comprised of the four cities, carried out a series of measures to guarantee the good quality of the transferred water, including sewage treatment, industrial management and the shutdown of high-pollution factories, which contributed to the raise of the value of ecosystem services. The VES of Yangzhou was much larger than that of the other three cities, the major reason of which is that Yangzhou has a vast area of wetland (140000 hm 2 , or 22% of the city area). Two national wetland park and four provincial wetland park are located in Yangzhou and they played a significant role in the whole ecosystem. Besides, more efforts were being put to build ecological isolation zones along the water diversion line to improve environmental conditions.
Compensation Standard of Water Source Area
Given the value of ecosystem services of the four cities during the decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) and the records of population and GDP of each city from China City Statistical Yearbook, the compensation standards for the four cities from 2006 to 2014 are obtained according to Equation (2) . The result is shown in Table 3 .
It can be seen in Tab.3 that it was necessary to compensate the water source area of the Eastern Route Project in Jiangsu province as a whole from 2006 to 2014, and the compensation amounts for the four cities show different changing patterns throughout the studied period. Specifically, the compensation amounts for all the four cities rose steadily from 2006 to 2008, implying that the development of the Eastern Route Project has had some negative impact on the environment; in the four years from 2009 to 2012, the compensation amounts tended to decrease generally due to the improvement of environmental conditions through measures of sewage treatment, industrial management and the shutdown of high-pollution factories. The compensation amounts for Yangzhou and Xuzhou in the three years from 2009 to 2011 were negative values and thus compensation was unnecessary. For Yangzhou, the reason was the large increase of its wetland area from 69670 hm2 to 91970 hm2 during the three years, which with the value per unit area of wetland as high as 627100 yuan/ hm 2 
CONCLUSIONS
The core issue in compensation scheme is to reasonably determine the compensation standard, which is the key to scientific compensation practice. The method used in this paper to determine the compensation standard for water source area of inter-basin water diversion project, connecting ecological environment with economic development based on the theory of VES, is applicable in the study of compensation schemes in mid-scale or large-scale area and has a broad prospect for application.
